Is it possible to mutate DNA during transcription? A new study shows that UV-damaged DNA is deaminated during transcription, which is a probable mechanism underlying CC tandem mutations found in the p53 gene in skin cancers.
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Mutations occurring in transcribed DNA are deleterious as they can alter protein functions. To efficiently repair transcribed genes the cell has evolved a transcription-coupled repair system to avoid DNA damage turning into mutations in transcribed DNA [1] . It is also possible that transcribed DNA is more prone to having mutations than non-transcribed DNA. Indeed, it has been reported from both yeast and mammalian systems that an increase in transcription also increases mutation rates [2, 3] , but the underlying mechanism has so far remained elusive. In a new study reported in this issue of Current Biology, Hendriks and colleagues [4] put an hprt minigene under a tetacycline-regulated promoter that they integrated into nucleotide excision repair (NER) defective embryonic stem cells and show an increase in UV-induced mutations in the presence of transcription. Interestingly, they report a unique mutation spectrum produced in transcribed DNA that includes UV-induced deletions [3] , as well as CC tandem mutations. The authors reasoned that the origin of the CC tandem mutations may be a result of deamination of cytosine. Indeed, spontaneous deamination of cytosine to uracil in DNA is a common event and must be removed by uracil DNA glycosylase prior to replication to avoid C to T transition mutations [5] . Cytosines present in single-stranded DNA (ssDNA) or embedded into UV-induced cyclobutane pyrimidine dimers (CPDs) are particularly prone to deamination [6, 7] . Thus, it makes a lot of sense that CPDs in transcribed genes would be particularly prone to deamination ( Figure 1 ) as these lesions may be converted to single-stranded DNA by stalled RNA polymerase. Using a cytosine deamination-specific PCR assay the authors elegantly show that CPDs are indeed efficiently deaminated after UV treatment in transcribed DNA [4] . These data are in agreement with recently published data that apurinic/apyrimidinic sites are increased in highly transcribed yeast DNA [8] .
So how relevant is it that transcription is associated with an increase in mutations? Actually, a transcription-associated mutational asymmetry in mammalian evolution exists, and this is suggested to be driven by deamination of cytosine in the coding strand [9] . Thus, the cytosine deamination mechanism at UV-stalled RNA polymerase uncovered by Hendriks and colleagues [4] may be of great importance to mammalian evolution. However, most of the mutations caused by UV-induced, transcription-associated mutagenesis will not be beneficial and may actually result in carcinogenesis. Indeed, characteristic UV-induced CC tandem mutations account for 14% of all UV-induced p53 mutations in skin cancer (149/1033), and for 0.12% (30/23752) of p53 mutations in all other cancers [10] , showing that transcription-associated mutagenesis could be highly relevant to the generation of p53 mutations in specific contexts. Hendriks and colleagues [4] report that transcription-associated CC tandem mutations are particularly Figure 1 . Transcription-associated mutations can explain UV-induced p53 CC tandem mutations in skin cancers. UV treatments result in cyclobutane pyrimidine dimers (CPDs) in the DNA, which act as an RNA polymerase block during transcription. Stalled RNA polymerases are recognized by the transcription-coupled nucleotide excision repair pathway, which removes CPD lesions. Cytosines present within persisting CPDs are prone to spontaneous deamination to uracil, in particular when presented in ssDNA during transcription. Uracil bases remaining until DNA replication will be mispaired with A on the synthesized strand, resulting in CC to TT tandem mutations. CC tandem mutations in the p53 gene are 114 times more common in human skin cancers compared with other cancers, which is likely explained by skin cancers being caused by UV-induced DNA damage. common in embryonic stem cells that are NER defective. It is reported that 61% of all p53 mutations in skin cancers from NER-defective xeroderma pigmentosum patients are CC tandem mutations [11] . This suggests that transcription-coupled repair is important to remove CPDs to avoid the formation of transcription-dependent CC tandem mutations in the p53 gene.
The observed transcriptiondependent UV deletions and CC tandem mutations are in line with previous data from yeast showing that transcription-associated mutagenesis is enhanced in both non-homologous and homologous recombination (HR), but to a lesser extent in base excision repair mutants [12] . It is well established that a high level of transcription is associated with an increase in homologous recombination in yeast [13] and in mammalian cells [14, 15] . Transcription-associated recombination is distinct from homologous recombination induced by DNA double-strand breaks (DSBs) [16] and is likely related to the collision between the transcription and replication machinery [14, 17] . In line with these thoughts, Hendriks and colleagues [4] suggest that transcription-dependent, UV-induced deletions could be a consequence of DSBs forming after collision of transcription and replication [3, 4] .
It is clear that transcription, repair and replication on the same piece of DNA needs coordination. Several recent reports highlight the importance of the collision of transcription and replication forks. In this respect it is interesting to note that the orientation of replication in relation to transcription is an important factor in the amount of transcription-associated mutations [18] . We can anticipate that more will be uncovered about how transcription influences other DNA metabolism processes.
Anopheles gambiae, a major vector of malaria, is a complex of cryptic species and subspecies. A new study describes a remarkable behaviour that might contribute to sexual isolation in this species complex: males and females are much more likely to show harmonic convergence of wing beat sounds when courting individuals of the same type.
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Most studies of the causes of speciation are academic pursuits, aiming to assess different theories of speciation. But when the study organism is one of the world's greatest vectors of malaria, identifying the causes of reproductive isolation may have a huge impact on understanding the spread of disease and how to control it. Anopheles gambiae is the vector involved in most malaria deaths, and genetic studies have indicated that this mosquito actually consists of a number of now well-characterised species, some of which appear to have cryptic subspecies or 'incipient species'. The ecological and intrinsic factors that contribute to this divergence are poorly understood, but work described in this issue of Current Biology [1] suggests that a subtle behavioural interplay between courting partners may act as a mechanism of species recognition.
Since Dobzhansky, the factors responsible for reproductive isolation have traditionally been separated into premating or postmating isolation. Premating isolation includes sexual
